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CROTONOIDEAE 
(EUPHORBIACEAE): 
HOMOLOGY AND EVOLUTION! 





ABSTRACT 


Laticifer distribution is described in several genera of Euphorbiaceae, particularly in subfamily Gwa 
previously neglected in this respect. Branched, nonarticulated laticifers are common in both Croton 
Euphorbioideae, sparse in Acalyphoideae (occurring in, e.g., Omphalea), and absent in the other two subfa » 
However, many genera without latex have elongated, highly branched sclereids in the mesophyll, which may in den 
instances be homologous with laticifers. Typical articulated laticifers (consisting of numerous fused cells) are aiv] 
known in only three genera of Crotonoideae, although several anomalous and transitional forms are Heys 
Crotonoideae differs from Euphorbioideae in that nonarticulated laticifers originate in the protophloem, an ^ i 
general more abundant in the phloem, in common with articulated laticifers. Laticifer evolution is discussed in rel 
to the phylogeny of Euphorbiaceae. 
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The objectives of this investigation are to assess 
the phylogenetic significance of laticifers in Eu- 
phorbiaceae with particular reference to the 
subfamily Crotonoideae and to a lesser extent Aca- 
lyphoideae, both less well known than Euphor- 
bioideae in this respect (Rudall, 1987). Ontogenetic 
data are important in this type of investigation, but 
are limited by the availability of sufficient material. 
The role of ontogenetic data in systematics has 
seen a recent resurgence of interest, especially with 
respect to the establishment of homologies of fea- 
tures present at maturity. This aspect has partic- 
ular relevance to a study of laticifers, where de- 
velopment is important in the classification of the 
different types. Most recent investigations of latic- 
ifer development in Euphorbiaceae have concen- 
trated on Euphorbia and closely related genera in 
Euphorbioideae (e.g., Mahlberg & Sabharwal, 
1968). Developmental studies on other genera are 
scanty, largely owing to the difficulty of obtaining 
suitable material. Those that do exist (e.g., Chau- 
veaud, 1891; Gaucher, 1902) need updating in 
the light of modern methods and taxonomic con- 
cepts. Chauveaud (1891) examined several genera 
of Euphorbioideae and three species of Crotono- 
ideae, Aleurites triloba, Croton pungens, and Ja- 


tropha curcas, but without illustrations. ‘Seat 
(1884a, b, 1886) examined articulated laticilers 
in embryos of Manihot and Hevea, both Crotonot- 
deae. 

Webster (1975) used latex production and pres- 
ence or absence of laticifers as characters m his 
classification of Euphorbiaceae into five ee 
lies; however, information on both is frequent? 
lacking in the literature. Records of latex peo 
indicate the presence of laticifers, but lack of su 4 
records may simply mean that the latex, if presen 
is not conspicuous. Latex is of very spen 
occurrence among Crotonoideae and ue : 
deae, but varies in color and Maire : " 
whitish sap is particularly characterise ' 
iene in Euphorbia phosphorea cu d. 
becomes phosphorescent on exposure (Spix em 
tius, 1828). Among Crotonoideae, pucr zl 
genera have white latex (such as Mani dst 
Hevea, genera with articulated laticifers), E: 
others, such as Aleurites, Codiaeum, 8 R 
boutonia, have a clear, often viscous, latex. ed 
latex occurs in occasional species of several a 
such as Alphandia, Baloghia, Cocco i 
ton, Endospermum, and Pausandra (Mc 1971). 
& Tirel, 1987; Roosmalen, 1985; Schaeffer, 
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There are also records of latex in Acalyphoideae: 
species of Omphalea exude a clear or slightly milky 
latex, which oxidizes to red; Macaranga has latex 
ranging from clear to yellow, orange, or red (Mc- 
Pherson & Tirel, 1987). 

Apart from a few scanty records in Acalyphoi- 
deae, laticifers are documented only in subfamilies 
Euphorbioideae and Crotonoideae (Rudall, 1987). 
Two laticifer types occur in Euphorbiaceae—ar- 
ticulated (chains of fused cells; recorded in a few 
genera of Crotonoideae only, e.g., Hevea) and non- 
articulated (individual cells with intrusive growth, 
èg., in Euphorbia, and many other genera). Some 
authors (e.g., Metcalfe, 1967) have regarded this 
as evidence of polyphyly. Indeed, Mahlberg et al. 
(1987) proposed that Euphorbiaceae should be re- 
garded as three distinct families, one lacking latic- 
ifers, one with articulated laticifers, and one with 
nonarticulated laticifers, although most recent clas- 
sifications (e.g., Webster, 1975) would reject this 
on the basis of other characters. 


MATERIALS AND METHODS 


uem was obtained from various sources (Ta- 
de i : erbarium material (dried leaves) was from 
K) io of the Royal Botanic Gardens, Kew 
icr e (L), sterns (S) and in some cases, 
“ies Li in formalin acetic alcohol (FAA), were 
ie from the author’s own collections in Bra- 
Ger i collections at Kew (HK), Limbe Botanic 
FARA ROM and the Smithsonian Tropical 
gut nstitute (STRI), Panama. Seeds for em- 
spiri E (E) were obtained from the Kew 
ie b dor (SC), Kew living collections (HK), 
Gee gardens, and the author’s own col- 
No a Brazil. In many instances apparently 
Shane S were found to lack embryos, or the 
abd were not sufficiently well preserved for 
v in this survey. 
Tode materia] was fixed in FAA for at least 48 
terial A: en stored in 70% alcohol. Herbarium ma- 
sae cis revived by boiling in water. Leaves and 
Bote, E sectioned using a Reichert sliding mi- 
Paraplast mbryos and apices were embedded in 
ding and ung standard methods of wax embed- 
iniu. iR p using a Reichert rotary micro- 
3 os ^u were stained in safranin and Alcian 
NET dg: through an alcohol series, and 
Viriégoiun uparal. Leaf fragments of Codiaeum 
"qs Xp. were macerated by transferring them 
aia containing a mixture of equal parts of 
Oxide, h etic acid and 20-volume hydrogen per- 
hour 8 "im. the mixture on a water bath for 
cell se ours, then shaking it vigorously to achieve 
paration. 


OBSERVATIONS 
EMBRYOS 


The distribution of nonarticulated laticifer ini- 
tials in the Crotonoideae embryos examined here 
(excluding Hevea confusa) corresponds to the clas- 
sical concept of initiation of nonarticulated laticifers 
(Schmalhausen, 1877), and is broadly consistent 
with records of development in Euphorbia and 
other Euphorbioideae, and indeed for nonarticu- 
lated laticifers in other dicotyledon families. Non- 
articulated laticifer initials are present in the peri- 
cyclic region of the embryonic cotyledonary node, 
at a variable number of points around the axis. 
They subsequently permeate throughout other tis- 
sues by rapid intrusive growth, as Mahlberg & 
Sabharwal (1968) demonstrated in Euphorbia. 
Among different species of Euphorbia the number 
of initials varies from 4 or 8 to 12 or more (Chau- 
veaud, 1891), the variation probably relating to 
differences in embryo size and number of primary 
vascular bundles in the different species. In mature 
embryos observed here the pericyclic ring consists 
of only ca. 8 initials in Synadenium grantii (Eu- 
phorbioideae) (Figs. 5, 6), but generally more in 
Crotonoideae: e.g., ca. 24 initials in Baloghia lu- 
cida (Fig. 2), Croton megalobotrys, C. sylvaticus, 
and a much larger number in Aleurites triloba 
(Fig. 8), although these may have proliferated by 
this stage. Furthermore, in Crotonoideae the initials 
occur toward the outer edge of the procambial 
tissue (i.e., within the protophloem region), con- 
trary to the situation in Euphorbioideae (e.g., S. 
grantii, Figs. 5, 6), where they originate on the 
outside edge of the provascular tissue, as Mahlberg 
& Sabharwal (1968) also noted in Euphorbia, In- 
itials elongate and branch intrusively, forming a 
complex laticiferous network. In Baloghia lucida 
the initials are considerably larger than surrounding 
cells (Figs. 3, 4), indicating possible polyploidy, 
although there is no evidence for this. Branches of 
the initials extend to the subepidermal region of 
the embryonic axis and toward the radicle (Fig. 1), 
thus forming two separate laticiferous rings, as de 
Bary (1884) and Chauveaud (1891) also noted in 
Euphorbia. Two distinct concentric rings (Fig. 7) 
were seen here in the hypocotyls of species of both 
Euphorbioideae (Euphorbia lathyris and Synade- 
nium grantii) and Crotonoideae (Baloghia lucida, 
Croton spp.). Further branches proliferate around 
the cotyledonary node, close to the apex, and ex- 
tend upwards into the cotyledons. 

Mature embryos of Hevea confusa have a very 
short hypocotyledonary stem and two large broad 
cotyledons (Fig. 9). Typical articulated laticifers 


TABLE 1. Taxa and material examined, with observations on laticifers and sclereids. 
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Taxon 


Acalyphoideae 
Omphalea diandra L. 
Omphalea triandra L. 
Omphalea oleifera Hemsl. 
Mallotus subulatus Muell. Arg. 


Crotonoideae 
Adenocline acuta Baill. 
Aleurites triloba J. R. Forster & G. Forster 
Baloghia lucida Endl. 
Bertya mitchellii (Sond.) Muell. Arg. 
Beyeria leschenaultii (DC.) Baill. 
Codiaeum variegatum (L.) A. Juss. 


Croton antisyphiliticus Mart. ex Muell. Arg. 


Croton comosus Muell. Arg. 
Croton conduplicatus Kunth. 
Croton heteropleurus Urb. 
Croton megalobotrys Muell. Arg. 
Croton occidentalis Muell. Arg. 
Croton sagreanus Muell. Arg. 
Croton sylvaticus Hochst. 
Croton sp. 

Croton sp. 

Croton sp. 

Croton sp. 

Cyrtogonone argentea Prain 
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Source & data* 


cult. STRI, Panama 
cult. STRI, Panama 
cult. STRI, Panama 


Limbe B.G., Cameroon 


K: Muller & Scheepers 47 


HK: Hyland 2696 


Adelaide B.G., Australia 


K: Sharrad 779 

K: Rohrlach 408 
HK (no data) 
Brazil: Harley et al. 
Brazil: Harley et al. 
Brazil: Harley et al. 
cult. Cuba B.G. 

Z: Muller 818 
Brazil: Harley et al. 
cult. Cuba B.G. 

Z: Ritchken s.n. 
Brazil: Harley et al. 
Brazil: Harley et al. 
Brazil: Harley et al. 
Brazil: Harley et al. 
K: Thomas 4738 


25010 (K) 
25109 (K) 
25156 (K) 


24827 (K) 


24832 (K) 
25091 (K) 
25226 (K) 
24986 (K) 


Plant part 


Laticifers: 


+ nonarticulated 
+ nonarticulated 
+ nonarticulated 


+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
+ nonarticulated 
(stem only) 


Sclereids in leaves: 
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TABLE 1. Continued. 
TM M ————————————————————————————— 





Taxon Source & data* Plant part" Laticifers: Sclereids in leaves: 
Garcia nutans Rohr K: Gillis 15070 L + nonarticulated = 
Grossera vegenei Pax K: Bamps 2363 L = + 
Hevea confusa Hemsl. SC: cult. Castleton Gdns. E + articulated = 
Jatropha curcas L. HK (no data) LS, E + nonarticulated - 
Manihot sp. aff. caerulescens Pohl. Brazil: Harley et al. 25098 (K) LS * articulated - 
Micrandra elata Muell. Arg. K: Lindeman et al. 256 L + nonarticulated = 
Micrandra minor Benth, K: Schultes & Lopez 8959 L + nonarticulated = 
Micrandra siphonoides Benth. K: Schultes & Lopez 10180 L + nonarticulated = 
Micrandra prucei (Muell. Arg.) Schultes K: Schultes & Pires 9057 L + nonarticulated = 
Neoboutonia macrocalyx Pax K: Lewalle 8000 L + nonarticulated = 
Pausandra macropetala Ducke K: Ducke 7148 L + nonarticulated + 
(petiole only) 
Ricinocarpus ledifolius F. Muell. K: Coveney 6842 L * nonarticulated 
Ricinocarpus pinifolius Desf. K: Coveney 7253 L + nonarticulated 
Ricinodendron heudolotii (Baill.) Pierre ex Hecke K: Troupin 3450 L + nonarticulated - 
Spirostachys venenifera (Pax) Pax K: Kisena 342 L + nonarticulated = 
Trigonostemon chinensis Merrill K: Thow 78487 L = + 
Vernicia cordata (Thunb.) Airy Shaw K: s.n. (cult, Grossens) L + nonarticulated - 
Euphorbioideae 
Euphorbia lathyris L. HK: Aronson s.n. E + nonarticulated = 
Synadenium grantii Hook. HK: Brandham et al. 2549 E + nonarticulated = 
* STRI = Smithsonian Tropical Research Institute; B.G. = Botanic Garden; K = herbarium of the Royal Botanic Gardens, Kew: HK = living collections at Kew; Z = herbarium 
of the Institut für Systematische Botanik, Zürich; SC = Kew spirit collection. 
* E = seeds for embryo extraction; L = leaves; S = stems. 
“+ = present; — = absent. 
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FIGURES 1-4. Embryos of Baloghia lucida. —1. Longitudinal section through apex (A). Laticifer (L) branching 
toward subepidermal ring.— 2. Cross section through hypocotyl, with laticifers (L) toward periphery of vasc 


tissue. — 3. Detail of cross section through hypocotyl.— 4. Cross section of cotyledons. L — laticifer. Scale bars ^ 


50 um. 


/oucher or source information is in Table 1, unless given in the caption. 
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FicunEs 5-8.» 


around out —5, 6. Synadenium grantii. Laticifer initials and branches 
er edge of vascular tissue. Generally a single initial is present on each side of each of four vascular 


Cross sections of embryo hypocotyls. 


rmal ring of laticifers 


» forming ca. eight initi 
forming ca. eight initials, which then ramify.—7. Euphorbia latifolia. Distinct subepide 
tissue. Scale bars = 


(L') and Rag 
50 um. inner ramifying laticifers (L).— 8. Aleurites triloba. Laticifer initials (L) in vascular 
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Es ledons.— 
FiGURES 9-11.’ Longitudinal sections of Hevea confusa embryos.— 9. Short hypocotyl and poi 1 : 
10. Articulated laticifers (L).— 11. Region near apex (A), showing laticifers (L) in cotyledon. Scale 


(Fig. 10) are present in the outer part of the pro- 
vascular tissue (i.e., the protophloem region, as 
with nonarticulated laticifers of other genera) of 
the cotyledonary node and in the base of the cot- 
yledons (Fig. 11). The cotyledonary initials are the 
most well developed at this stage, as Scott (1886) 


375 E . rowth 
also found in Hevea brasiliensis. Intrusive 8 


ranches 
is not pronounced, although some short ar ae 
are present. Later articulated laticifers 


= ing cells 
gated intrusive branches between surroun A 5 es 
ted laticifers, 


dall, 1987). 


in the same way as nonarticula 
pecially in the leaf mesophyll (Ru 
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LEAVES AND STEMS 


Acalyphoideae. Omphalea, which exudes a 
clear latex that becomes red on oxidation, has 
abundant nonarticulated laticifers in the leaf me- 
sophyll and stem. Laticifers were also observed in 
the tissue above extra-floral nectaries on the abaxial 
leaf surface. In Mallotus subulatus, although la- 
ticifers are absent in mature leaves, many narrow 
intrusive thick-walled sclereid branches are pres- 
ent. 


Crotonoideae. Thin-walled laticifers were ob- 
served here in most Crotonoideae examined (Table 
lk Adenocline acuta, Baloghia lucida, Bertya 
mitchellii, Beyeria leschenaultii, Codiaeum var- 
legatum (Figs. 15, 16), Croton spp. (Figs. 13, 17- 
19), Cyrtogonone argentea (stem only), Garcia 
nutans (Fig. 12), Jatropha curcas (Fig. 20), Mi- 
crandra spp., Neoboutonia macrocalyx, Pausan- 
dra macropetala (petiole only), Ricinodendron 
heudelotii, Spirostachys venenifera, and Vernicia 
caudata. Thick-walled sclereids were observed in 
leaves of Grossera veginei and Trigonostemon chi- 
nensis (Fig. 22) (in the latter sometimes protruding 
between epidermal cells or to hair bases). Pax (1884) 
recorded laticifers in Trigonostemon; furthermore, 
Rs vs material of Cyrtogonone argentea, laticifers 
G present in the stem phloem, cortex, and pith, 

Y only thick-walled sclereids in the leaves, indi- 
cating that the “‘sclereids” in these cases may be 
thick-walled. laticifers. Similarly, in Pausandra 
eo laticifers were observed in the petiole, 

st, thick-walled sclereids in the mesophyll. In 
dis wa variegatum, sclereids were present in 
[tm but absent in younger, as Rao & 
near 60) also reported. In Codiaeum var- 
Me Eres laticifers frequently intrude be- 
di jum ermal cells, as in Baloghia lucida (Ru- 
Fo ) ), the fact that laticifers are continuously 
ote a is demonstrated by the presence of many 
die : ints of laticifer intrusion in epidermises of 
e. aves than young leaves (Figs. 15, 16). In 
be ET latex is recorded only in young tissues 
ltiifers ‘ycydendron, Roosmalen, 1985), and 
wae, oy cease to function (probably 
Nds ick-walled; see below). The distinction 
not alwa S e cel types in these taxa is therefore 

ER y m "laticifers" in young leaves may 
sub od ereids in older ones. In the literature 
laticifers * ES intrusive branches) are termed 
Hes a l A €y are thin-walled, and sclereids if 

thick-walled, 
liifers of tne cross-walls were observed in leaf la- 
tho o. Micrandra elata, as other workers have 
Pasionally reported in other genera (e.g., de 


Bary, 1884, in Euphorbia lathyris; Dehgan & 
Craig, 1978, in Jatropha spp.). Otherwise laticifer 
structure is essentially similar in all genera con- 
cerned (apart from the articulated forms occurring 
in Hevea, Manihot, and Cnidoscolus), the main 
differences being in size and quantity. In Crotonoi- 
deae laticifers generally occur in the phloem of the 
stem, petiole, and midrib bundles, and may be large 
and easily distinguishable in cross section (Fig. 18), 
or sometimes smaller (Fig. 19). Laticifers in the 
leaf mesophyll range in size from narrow (Fig. 12) 
to broader than neighboring mesophyll cells. In 
several species laticifers extend either directly to 
the plant surface (e.g., in Codiaeum variegatum, 
Figs. 15, 16) or into the bases of trichomes (e.g., 
Croton spp., Fig. 13). In Beyeria and Ricinocar- 
pus, laticifers were occasionally observed in direct 
contact with small glandular hairs on the plant 
surface (Fig. 14). In many cases (e.g., Codiaeum 
variegatum), the narrowest laticifers, immediately 
within the epidermis, are the most highly branched. 

A wide variation of nonarticulated laticifers is 
displayed by various species of Croton. Most spe- 
cies have abundant nonarticulated laticifers, though 
sometimes less frequent in older stems (e.g., in C. 
comosus). Distribution ranges from extremely 
abundant and highly branched in all aerial tissues 
(e.g., C. conduplicatus, Fig. 19) to (rarely) ap- 
parently absent. Other authors, such as McPherson 
& Tirel (1987), have reported latex apparently 
absent in some species of Croton, and this variation 
may well have some taxonomic significance within 
the genus. However, species that lack laticifers may 
have the capacity to develop them under certain 
environmental conditions, or at particular stages 
in their life cycle, and a better understanding of 
the function of latex in different species would be 
necessary to establish this. 

In this investigation, typical articulated laticifers 
were observed in stems of Manihot sp. aff. caeru- 
lescens (Fig. 21) and Hevea confusa embryos (Figs. 
9-11). In Manihot, Hevea, and Cnidoscolus, which 
have articulated laticifers in the stems, transitional 
nonarticulated (intrusively branched) forms are also 
present, particularly in the leaves (Rudall, 1987). 
Articulated laticifers (recorded in Hevea, Manihot, 
and Cnidoscolus: Rudall, 1987) are continuously 
produced in the developing primary phloem, and 
also in the vascular cambium. However, in Croton 
conduplicatus occasional (rare) instances were ob- 
served of ray initials in the vascular cambium in- 
truding between adjacent phloem ray cells in the 
manner of young laticifer initials (Rudall, 1989), 
ie., new laticifer initials forming in the vascular 
cambium. Since no evidence of cell fusion was 
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FIGURES 12-16."  Laticifers (L) in leaves. —12. Garcia nutans, cross section.—13. Croton sp- (Harley et al 
24986), laticifers branching into base of stellate hair, with glandular region (G).—14. Beyeria leschenaultii, cros 
section. Laticifers extending to bases of glandular hairs (G). 15, 16. Codiaeum variegatum.—15. Leaf suc 
showing point of intrusion of laticifer between epidermal cells.— 16. Cross section, with laticifers intruding betwee 
epidermal cells. Scale bars = 50 um. 
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Ficures ~ 
SURES 17-223 17 
22, 17, 18. Croton sp. (Harley et al. 24843).—17. Midrib, cross section. 18. Stem, cross 


20. Jatropha curcas, stem cross section. — 21. Manihot 


Section, — | 
»— 19. Cro : 3 
oton conduplicatus, stem cross section. — 
—22. Trigonostemon chinensis leaf cross section 
22. t 5, ss se s 


5p., longit . 
udinal secti : 
*howing ian of stem, phloem region, showing laticifer. 
eids (S). Scale bars = 50 um. L = laticifer. 
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found, these are nonarticulated laticifers. This spe- 
cies is unusual in the abundance of its laticifers 
and their degree of branching, and it is therefore 
possible that this apparently very unusual phenom- 
enon is simply more detectable in this material, 
because new laticifers produced in the vascular 
cambium begin to branch immediately, rather than 
elongating for a period. A "secondary" laticifer 
(formed from the vascular cambium) that elongated 
in the region close to the vascular cambium would 
be virtually indistinguishable from a “primary” 
laticifer (formed in primary tissues) that extended 
into this region from the cortex; indeed many spe- 
cies have abundant laticifers in the most recently 
formed secondary phloem, and their origin is dif- 
ficult to determine. 


DISCUSSION 
LATICIFER EVOLUTION 


The traditional difference between the articu- 
lated and nonarticulated types of laticifer is that 
the former are multicellular and the latter unicel- 
lular. Typical articulated laticifers are often easily 
recognizable by their eccentrically convoluted ap- 
pearance (Fig. 21). Nevertheless, as de Bary (1884) 
and other early workers have also observed, there 
are several similarities and transitional forms that 
tend to narrow the gap between the extremes of 
both categories: (1) In Crotonoideae nonarticulated 
laticifers originate in the protophloem of the em- 
bryo, and (as Gaucher, 1902, also noted) in general 
predominate in the phloem of older tissues, in com- 
mon with articulated laticifers of other crotonoid 
genera, and in contrast to the condition of Eu- 
phorbioideae. (2) Single cell members of articulated 
laticifers in leaves of, e.g., Hevea grow intrusively 
between mesophyll cells, in the same manner as 
nonarticulated laticifers (Rudall, 1987). Boblioff 
(1923) observed these intrusive “amoeboid” forms 
both in leaves and the inner integument of the seed 
of Hevea. Other anomalous cell types have also 
been reported by several early workers; for ex- 
ample, Pax mentioned that in Joannesia, Garcia, 
and Aleurites (all Crotonoideae), certain **closed 
sacs" grow to a great length. The "articulated 
laticifers" that Dehgan & Craig (1978) described 
in Jatropha are very different from those of Hevea, 
Cnidoscolus, and Manihot, but may represent an- 
other form. (3) Nonarticulated (i.e., intrusive, uni- 
cellular) laticifers, although normally primary in 
origin, have also been observed in Croton to orig- 
inate in secondary tissue derived from the vascular 
cambium (Rudall, 1989), a type of development 
usually associated only with articulated laticifers. 


Scott (1886) believed, following Pax (1884), 
that articulated and nonarticulated laticifers evolved 
separately, both from secretory sacs; in fact, rows 
of large parenchymatous cells with dark contents 
frequently occur in the phloem of species without 
latex, such as Androstachys johnsonii and Mal- 
lotus subulatus. Furthermore, occasional cross- 
walls have been reported in nonarticulated laticifers 
of several species, such as Micrandra elata. How- 
ever, an alternative theory, probably more plau- 
sible in view of the similarities demonstrated here 
between the two laticifer types, is that articulated 
laticifers of Hevea, Cnidoscolus, and Manihot, and 
the transitional forms of other genera represent 
more recent developments from the nonarticulated 
type (although further data are essential, partic- 
ularly on laticifer ontogeny). The nonarticulated 
type is by far the most common type among Eu- 
phorbiaceae, and indeed other dicotyledons, and is 
therefore probably the plesiomorphic type in this 
family. 


LATICIFERS AND SCLEREIDS 


Elongated “‘fiberlike,” occasionally branched 
sclereids occur in mesophyll of leaves of many 
euphorbiaceous genera, generally (though potas 
clusively) where laticifers are absent. In view of 
the apparent relationship between the two cell types 
(see below and Observations, above), this near- 
exclusivity is consistent with a probable homology 
between them, although this hypothesis requires 
further testing. Metcalfe & Chalk (1950) and Rao 
& Das (1979) recorded sclereids in several m 
especially among Acalyphoideae, such as Acaly- 
pha and Chaetocarpus. Androstachys johnsonit 
(Oldfieldioideae), which lacks latex, has copious 
highly branched gelatinous sclereids in the mature 
leaves, similar to laticifers in many repo 
sociated with the epidermis and veins, and otten 
also with the bases of probable water-absorbing 
trichomes (Alvin, 1987). Among Crotonoideae. 
several genera (e.g., Grossera, Pausandra, Bx: 
Trigonostemon) have sclereids instead of latic A 
in the leaves, although stems have not been ed 
vestigated in these cases: Cyrtogonone argen ie 
has thin-walled laticifers in the stem, but only ree 
reids in the leaves. In all cases the scere t 
semble laticifers in structure and distribution. F 
cell types being extremely elongated and assoc! d 
with vascular tissue and epidermis; o 
easily distinguishable in sections, except ID p 
of wall thickness. Moreover, thick-walled latic! p 
are not uncommon (e.g., in stems of pem 
abdelkuri; Rudall, 1987). Rao & Tewari ( 
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reported that in Codiaeum variegatum, laticifers 
in young leaves actually become sclereids in older 
leaves; indeed in our material of this species sclere- 
ids were present in older leaves, and absent in 


younger. 


SYSTEMATIC AND PHYLOGENETIC CONSIDERATIONS 


Many plants are known to produce latex, but 
the capacity for latex production does not in itself 
necessarily imply relationship. Latex-producing di- 
cotyledon families, such as Apocynaceae, Ascle- 
piadaceae, Eucommiaceae, Sapotaceae, and Mo- 
raceae, are widely distributed throughout various 
dicotyledon orders. Nevertheless, as many authors 
leg, Mahlberg & Sabharwal, 1968) have also 
observed, there is remarkable similarity in laticifer 
morphology and development between compara- 
tively unrelated dicotyledons, especially consider- 
ing the anomalous nature of the cell types con- 
cerned. The apparent relationship between laticifers 
and branched sclereids (astrosclereids) is not re- 
stricted to Euphorbiaceae; in other families the two 
cell types are often mutually exclusive in related 
genera, also indicative of a possible homology be- 
uns them. A survey of dicotyledon families in 
eei though inappropriate here, might shed 
Fond light on the subject and help to indicate 
e in of Euphorbiaceae. Sister-group relation- 
E M gbotbanede have been much disputed, 
A ds ably exist among the Malvales, Geraniales, 
ee D penal 1987a, b). Although sclereids 
few em ely among these orders, there are very 
Sm oe families; therefore, in the ab- 
Ducis a latex-producing sister group, and if Eu- 
im laceae is indeed monophyletic, the most likely 

“erence is that latex production evolved de novo 

within the family. 
bee Euphorbiaceae, Webster (1987b) pos- 
it 2 Crotonoideae and Euphorbioideae (la- 
biis i ticifers usually present) evolved indepen- 
seid rom Acalyphoideae (latex and laticifers 
Phylla Em Subfamilies Oldfieldioideae and 
dig e (latex and laticifers absent) are 
ior m ked to each other. Thus there are three 
iis "ew within Euphorbiaceae on the basis 
liie other characters: Oldfieldioideae/ Phyl- 
tea. Acalyphoideae, and Crotonoideae/ Eu- 
bide: us However, Acalyphoideae divides into 
icis P5: without latex (most genera) and with 
eis ut Macaranga, Omphalea). If (as seems 
phorhinc y) latex production evolved within Eu- 
ineage) ae (in the Euphorbioideae /Crotonoideae 
shake * abundant presence of laticifers in Om- 
& casts doubt on its systematic position in 
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Acalyphoideae. Variation in this character in Aca- 
lyphoideae (also in a few Crotonoideae) indicates 
paraphyly, although it is also possible that a re- 
versal (i.e., loss of latex) may yet be demonstrated 
on the basis of congruence in other characters. 
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